The rodent Peromyscus leucopus is the natural reservoir of several tick-borne infections, including Lyme disease. To expand the knowledge base for this key species in life cycles of several pathogens, we assembled and scaffolded the P. leucopus genome. The resulting assembly was 2.45 Gb in total length, with 24 chromosomelength scaffolds harboring 97% of predicted genes. RNA sequencing following infection of P. leucopus with Borreliella burgdorferi, a Lyme disease agent, shows that, unlike blood, the skin is actively responding to the infection after several weeks. P. leucopus has a high level of segregating nucleotide variation, suggesting that natural resistance alleles to Crispr gene targeting constructs are likely segregating in wild populations. The reference genome will allow for experiments aimed at elucidating the mechanisms by which this widely distributed rodent serves as natural reservoir for several infectious diseases of public health importance, potentially enabling intervention strategies.
INTRODUCTION

Peromyscus leucopus is the major reservoir for several infectious diseases in North America
The white-footed mouse Peromyscus leucopus is a widely distributed, abundant rodent in eastern and central United States and adjoining regions of Canada and Mexico. The species is a major reservoir or carrier for several tick-borne diseases, including the bacterial infections Lyme disease, anaplasmosis, and Borrelia miyamotoi relapsing fever; the malaria-like protozoan disease babesiosis; and a fatal or disabling viral encephalitis (1) . The genus Peromyscus also includes the major hantavirus reservoir Peromyscus maniculatus, the North American deer mouse. Peromyscines cluster with hamsters, voles, and wood rats rather than murids such as Mus musculus and Rattus norvegicus (2) . While inbred M. musculus has been the animal model of choice for experimental studies of Lyme disease and other infections, the house mouse is not a natural reservoir for these infections. Moreover, it differs from P. leucopus in manifestations of and responses to infection (1, 3) , but the genetic traits of P. leucopus that distinguish this species from M. musculus in this respect and make it a competent reservoir for a variety of pathogens are not known.
Lyme disease and associated zoonoses continue to increase in incidence and to spread to previously unaffected areas in North America (4) . While antibiotics are available for treatment, there are neither human vaccines nor broadly implementable tick control measures to prevent infections. Given the key position of P. leucopus in the life cycles of both the tick vector and several pathogens ( Fig. 1) , transmission-blocking field vaccines (5) and gene-drive technologies to render wild Peromyscus resistant to infection (6) are increasingly seen as plausible ways to prevent human disease.
RESULTS
A hybrid PacBio/Illumina assembly coupled with Hi-C scaffolding yields an assembly of chromosome length scaffolds While attention on P. leucopus is justified, the dearth of genetic information and the lack of a reference genome have limited progress toward these and other goals. Accordingly, we generated Illumina and PacBio genomic DNA sequencing datasets, assembled the genome using both the hybrid and a PacBio-only approach, and merged the assemblies (7) . This resulting assembly is 2.45 Gb in total length, with a contig N50 of 4.38 Mb. Our contigs cover between 84 and 89% of the genome, as we estimate the genome size of P. leucopus to be 2.7 to 2.9 Gb based on kmer counts. Cumulative contiguity plots of different assembly strategies ( fig. S1 ) show that the Illumina/PacBio hybrid assembly is superior to the PacBio-only "self"-assemblies, with the quick-merged "hybrid-hybrid" assemblies giving the highest contiguity.
We used two independently constructed Hi-C libraries with >1000× of total read span coverage for mates 10 to 200 kb apart ( fig. S2 ) to create 24 chromosome length scaffolds representing the P. leucopus genome. We evaluated different scaffolders, switches, and ways of integrating over libraries and concluded that the 3d-dna scaffolder (8) , increased total sequence coverage, and combination of Hi-C libraries gave the most robust scaffolds ( fig. S3 ), where we use robust to mean less sensitive to read downsampling. Figure 2A and table S1 summarize the scaffolded assembly based on the expected n = 24 chromosomes (9). The 24 chromosome-sized scaffolds contain 99.5% of human coding sequences that we could align to our assembly (using Exonerate) and 3795 of 3798 (92.5%) of complete and single-copy BUSCOs (an annotated collection of genes present in all mammals), suggesting that the chromosome-sized scaffold in our assembly represents much of the euchromatic genome ( fig. S4 ; see Materials and Methods). We compared our assembly to a genetic linkage map of P. maniculatus (9) , hereafter referred to as "Kenney-Hunt." Of the 196 markers in the genetic map, 134 markers were unambiguously mapped to our chromosome length scaffolds, with 128 of the markers mapping in a consistent manner ( fig. S5 ). On the basis of the mapping of markers and house mouse proteins aligned to scaffolds, we assigned chromosome names to our scaffolds.
Gene-based linkage markers from a P. maniculatus map and synteny with rat and mouse allow assignment of scaffolds, as well as 97% of predicted genes, to named chromosomes Regardless of the scaffolding approach used, chromosome 8 was consistently split into two scaffolds (8a and 8b) and chromosomes 16 and 21 were consistently fused. The fusion event involves genomic regions that show Hi-C contacts between the two chromosomes ( fig.  S6 ) and involve regions syntenic with rat chromosomes 20 and 9 ( fig. S7 ). This splitting of chromosome 8 is supported by a recently updated P. maniculatus linkage map (10), referred to as "Brown" (table S1) . Similarly, the joining of two chromosomes is also supported by Brown, although our assembly joins chromosomes 16 and 21, whereas Brown joins chromosomes 16 and 20. Blasting of proteins associated with gene marker names supports the fusion of chromosomes 16 and 21. Our assembly is largely consistent with current chromosome names based on P. maniculatus linkage maps.
An analysis of synteny between P. leucopus and M. musculus based on the positions of 62,094 orthologous gene pairs demonstrates conserved synteny for species that respectively represent the cricetine and murid families of the order Rodentia (Fig. 2B) . The synteny analysis further suggests that errors in Hi-C scaffolding of the genome are likely local events and only rarely involve the transposition of contigs between chromosomes. We carried out a similar syntenic analysis with rat ( fig. S8 ) and observe that if we depict P. leucopus chromosomes in the order of 3d-dna scaffold number ( fig. S9 ), then there are several examples of telomeric regions transposed between adjacent scaffolds that are likely artifacts of the Hi-C scaffolding approach.
We identified genes using different strategies. We generated 16 RNA sequencing (RNA-seq) datasets from 11 different adult tissues, two embryo stages, two 1-day-old pups, and from both males and females (table S4). Assembling the RNA-seq datasets using Trinity (11) and carrying out gene predictions using Augustus (12) identify 609,192 transcripts. We further directly aligned the RNA-seq data to the genome using HiSAT2 (13) and used Strawberry (14) to identify 1,252,424 transcripts. We lastly used Exonerate (15) to align both the house mouse and the human proteome to the P. leucopus genome (52,756 and 112,693 alignments). The transcript predictions qualitatively agreed between methods, with subtle differences in annotations represented as University of California, Santa Cruz genome browser tracks (http://goo.gl/LwHDr5)). We took the concatenated set of transcripts from the four methods and supplied them to Augustus as a set of hints, which resulted in 19,896 gene predictions (table S3) . Of these genes, 19,297 (or 97.0%) are located on the 24 chromosomesized scaffolds.
P. leucopus harbors fewer repetitive elements but as large a repertoire for antigen recognition as the house mouse Application of RepeatMasker flagged one-third of the genome as repetitive, with LINE1 repeats being the most abundant, occupying 10% of the genome (table S2) . While the overall genome of P. leucopus at 2.45 Gb is 13% smaller than house mouse at 2.82 Gb (GRCm38. p6), the nonrepeat portion of the genomes are nearly identical in size (Fig. 3C ). While the house mouse has more repeats overall, several LINE1 repeat subfamilies have higher copy numbers in P. leucopus. As expected for a rodent, P. leucopus is highly enriched for the mys family of Long Terminal Repeat (LTR) retrotransposons (Fig. 3B) (16, 17) .
Analysis of the prevalence of protein domains in P. leucopus using Pfam identified one or more protein domains in 19,056 (90%) of the genes predicted via the alignment of house mouse proteins to the genome. A comparison of Pfam domains in P. leucopus and house mouse (Fig. 3A) showed that while most families display nearly identical prevalence, there are 10 families that are depleted and 7 that are enriched in P. leucopus (chi-square, P < 0.05). For example, the KRAB domain, which is a repressive domain that is found in transcription factors regulating endogenous retroviruses in Muridae (18) , is depleted in Peromyscus. Other depleted domains include C1_4 and C1_1, which bind phorbol ester to protein kinase C and are associated with some zinc-finger proteins (19) .
On the other hand, some zinc finger domains are highly enriched in Peromyscus, suggesting expansion by duplication. This type of expansion has been noted in other zinc-finger proteins, like Prdm9 (20) . Another expanded domain, BolA, is associated with stress responses and is believed to regulate many genes (21) . The expanded domains zf-met, zf-Di19, and zfLYAR are involved in RNA binding, stress response to dehydration, and cell growth regulation, respectively. The conservation in numbers of domains for immune effectors, like cytokineas (e.g., TNF), immunoglobulin domains (Ig4 and Ig5), and complement (C2 and C4), indicate that the differences between P. leucopus and M. musculus in response to infection are more likely attributable to the differences between the species transcriptional factors. The  and  domains for class II major histocompatibility complex proteins are slightly enriched in P. leucopus, suggesting a capacity for antigen recognition as great, if not greater, than that of M. musculus.
Experimental Lyme disease in P. leucopus shows that during persistent infection, differentially expressed genes are far more numerous in the skin than in the blood Inasmuch as few reagents, such as antibodies to cytokines or surface markers of white cells, exist for Peromyscus species, the reference genome allows for more comprehensive analyses of host responses to infection or different environmental conditions than hitherto possible. As a first application, we infected six P. leucopus animals with the Lyme disease agent Borreliella burgdorferi. We profiled the responses 5 weeks after infection by RNA-seq and compared these with four animals that had been mock-infected. Previous work showed that, by 5 weeks, spirochetes are cleared from the blood while persisting in the skin (3). We confirmed that the six animals inoculated with bacteria 5 weeks before had B. burgdorferi in the skin of the ear, with genome copy numbers by quantitative polymerase chain reaction (qPCR) ranging from 500 to 4500/g of total DNA, while B. burgdorferi was undetectable in mock-inoculated control animals.
In the mRNA-enriched blood RNA-seq libraries, 79 (9%) of 8384 above-background transcripts (transcript counts per million reads of >0.1) were differentially expressed (false discovery rate value of <0.05) between infected and uninfected animals (table S6; Fig. 4A ). None of the differentially expressed genes (DEGs) in the blood were cytokines, chemokines, acute phase reactants, immunoglobulins, major histocompatibility antigens, Toll-like receptors, or effector enzymes of phagocytes. In contrast, 675 (18%) of 22,362 above-background genes showed differential expression in the skin libraries (table S7; Fig. 4A ).
Notable among the skin up-regulated DEGs were genes for several varieties of keratin and keratin-associated protein, as well as the Sonic hedgehog protein, which has a role in hair follicle formation (22) . In the same set of samples, transcripts for three types of tubulin (Fig. 4B) , as well as cullin, desmoplakin, laminin, matrilin, and tensin, which are associated with the cytoskeleton or the extracellular matrix, showed lower expression in infected animals. Some immunoglobulin light chain genes and heat-shock proteins (Hsp70, Hsp90, and DnaJ/Hsp40) were also up-regulated in infected skin, but other genes commonly associated with an innate immunity or inflammation were not. Rather than risking bystander damage from inflammation, Peromyscus may contain proliferation and spread of the bacteria by alterations in the skin itself, including the number of hair follicles and extracellular matrix composition. At a standoff between the host and the pathogen, B. burgdorferi maintains sufficient density in the skin for efficient transmission to the next round of infesting ticks. Despite high infection prevalences in the wild, whitefooted mice do not suffer high rates of morbidity, allowing P. leucopus to be one of the most abundant mammals on the continent.
P. leucopus has high levels of nucleotide variation and low levels of linkage disequilibrium in a wild population
To identify single-nucleotide polymorphisms (SNPs) and Insertion/ Deletion (INDEL) polymorphisms in this species, we aligned the Illumina reads from the reference animal back to the reference genome. Since the short-read data are obtained from the same outbred diploid individual used for the genome assembly, we expect much of the genome 
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to be heterozygous and estimate a genome-wide SNP heterozygosity of 0.33% based on 9.8 × 10 6 total SNPs. Similarly, the rate of heterozygosity at INDELs, based on 2.0 × 10 6 total INDELs, was found to be 0.07%, fivefold less frequent than SNPs. The vast majority of observed SNPs and INDELs detected in the reference individual are true genetic polymorphism versus sequencing errors, since they have frequencies near 50% in the high coverage data (fig. S11 ). The observed level of heterozygosity in P. leucopus is comparable to that of wild M. musculus castaneus (~1.1%) and R. norvegicus (~0.2%) (23) , and our estimate of heterozygosity in a P. leucopus individual obtained from long-standing closed colony undoubtedly underestimates heterozygosity in the wild. Fixed differences from the reference assembly lastly allow us to place lower bounds on SNP and INDEL error rates in our assembly at 4.8 × 10 −6 (13,894 total SNPs). burdgorferi-infected and uninfected P. leucopus at 4 weeks. The plot shows genes with both an absolute fold change of ≥2 (log 2 of the fold change value on the x axis) and a false discovery rate P value of <10 −2 (−log 10 of the P value on the y axis).
If more than one DEG transcript was associated with a given gene, then the one with the lowest false discovery rate is displayed. Selected gene families are highlighted by color: tubulin (green), keratin (red), immunoglobulin light chains (yellow), and heat-shock proteins (orange). Genes with false discovery rate P values of ≤10 −5 are labeled according to M. musculus nomenclature. Additional SNPs and INDELs were identified by carrying out lowpass Illumina sequencing of DNA from blood of 26 captured-andreleased animals from a Connecticut population described by Tsao et al. (5) . Average coverage at called SNPs ranged from 0.8× to 8.3× across individuals with a median coverage of 1.9×. At these low coverages, diploid genotype calls can be missing or inaccurate, but after filtering out alleles seen in fewer than three individuals, we still observed ~42 million total SNPs (http://goo.gl/LwHDr5). On the basis of the alignment of human genes to P. leucopus, 3817 SNPs are predicted to have a high impact on a gene function, suggesting that future experiments using exome capture are likely to uncover several thousand putative functional variants. Figure 5 depicts the density of SNPs in the sample of wild mice (bottom), along with smoothed heterozygosity in three wild-caught individuals (middle), and three closed colony individuals (top; blue is the reference individual). It is apparent that the reference individual has blocks of homozygosity, consistent with regions being identical by descent (IBD) in this individual from a long-standing colony; a similar pattern is apparent for the individuals genotyped from inbred strains. In contrast, wildcaught mice show many fewer and much shorter regions of IBD, consistent with very low levels of inbreeding in the wild. On the basis of the 42 million observed SNPs and a genome size of ~2.5 Gb, the proportion of bases segregating is 1.7%. This suggests that roughly 25% [Poisson density with  = 20 base pair (bp) × 1.7%] of arbitrarily chosen 20-bp Crispr-guide RNAs are likely segregating a common SNP at their target cut site, an undesirable feature for a target candidate (24) . A more thorough characterization of natural nucleotide variation in this species across its range will aid in the design of efficient gene drive constructs for possible application to this disease reservoir with avoidance of annotated SNPs.
Linkage disequilibrium (LD) falls off very rapidly with distance in our P. leucopus wild population (table S8) . At 100 to 150 bp, average R 2 values are half of that observed for SNPs within 50 bp of one another, and by 25 kb, R 2 values are close to background. High levels of nucleotide variation in concert with low levels of LD imply that genome-wide association studies would be underpowered in wild P. leucopus animals, unless populations could be identified with more extensive LD. Hybrid zones, where P. leucopus geographically structured subspecies come in contact (25) , heterogeneous stock animals, and island populations may be attractive in this regard.
DISCUSSION
A chromosome length collection of scaffolds, gene annotations, and gene lift-overs from human and mouse and a large set of intermediate frequency SNPs will accelerate studies of P. leucopus and thereby transmission intervention efforts directed at this species
To empower candidate gene-based studies on P. leucopus, we provide gene predictions, variation, and comparative alignments via a University of Santa Cruz genome hub interface (http://goo.gl/LwHDr5)). We highlight the value of an annotated genome and browser interface in fig. S12 , which shows a subset of the available browser tracks for interleukin-6 (IL6), a proinflammatory and immunoregulatory cytokine important in the responses to viral, bacterial, fungal, and parasitic pathogens, as well as for autoimmune disease and trauma (26) . A plausible hypothesis capable of explaining P. leucopus' tolerance of a pathogen's presence is a restrained inflammatory response. The IL6 gene is located on chromosome 5 in house mouse and chromosome 3 in P. leucopus (table S1). In contrast to humans, the house mouse lacks a single final exon ~20 kb downstream of the remainder of the gene. P. leucopus RNA-seq similarly fails to identify this final exon, suggesting that the exon is absent in rodents. This being said, the final exon is conserved in an alignment between P. leucopus and humans, suggesting that additional experiments are needed to confirm the structure of this gene. In addition, P. leucopus harbors two intermediate-frequency nonsynonymous SNPs in IL6, which are predicted by SnpEff based on alignment of human proteins to P. leucopus to have a moderate phenotypic effect. Representing the genome on a public, interactive platform like the Santa Cruz Genome Browser for the research community facilitates experimental design and provides for more testing of ideas than has been possible.
For decades, P. leucopus and other Peromyscus species have been the subject of research in several fields, including aging (27) , behavior (28), development (29) , epigenetics (30), reproduction (31) , and population genetics (32) . A public health justification for the study of P. leucopus is this species' central position in the life cycles of pathogens and the ticks that transmit them to humans. Of additional relevance is this resilient species' remarkable capacity as an infection reservoir, with little or no obvious increase in morbidity (1) . Understanding the biology of P. leucopus becomes more urgent as Lyme Fig. 5 . Nucleotide variation in wild-caught, South Carolina colony and inbred strains of P. leucopus. The bottom panel depicts the physical density of SNPs in the low-pass sequenced wild individuals smoothed using a 10-Mb normal kernel. The middle panel depicts the probability of heterozygosity per SNP locus smoothed using a 2-Mb normal kernel for three wild caught animals. The top panel depicts the smoothed probability of heterozygosity per SNP locus for three colony mice. Red, inbred strain GS16A1 from the Peromyscus Genetic Stock Center; pink, outbred stock housed at the Rocky Mountain Laboratories; and blue, the reference individual described in Materials and Methods. In both RMNL and the reference individual, runs of homozygosity are regions that are identical by descent, consistent with those animals coming from closed colonies. The cyan circle is the approximate location of human leukocyte antigen located on the fusion chromosome.
disease increases in frequency and distribution and as control efforts targeting this reservoir, including transmission-blocking vaccines and gene editing, come to the fore.
To this end, we generated a high-quality genome assembly, obtained chromosome length scaffolds using Hi-C, and annotated the genome using RNA-seq data from several tissues and developmental stages and cross-species comparisons. The genome is similar in organization to the murids M. musculus and R. norvegicus. Heterozygosity levels in a wild population of P. leucopus in an area of high risk for Lyme disease in the northeastern United States are similar to those of wild house mouse and brown rat populations.
An annotated chromosome-scaled assembly and a catalog of millions of SNPs substantially expand the ability of P. leucopus to serve as a model organism, whose unique attributes for such a role were already appreciated (32) . This genome enables evolutionary analysis of different populations, facilitates RNA-seq and other "omics" analyses of the system under a variety of experimental and natural conditions, allows for identification of genes that mediate and modulate response to pathogens, and guides the choice of target regions suitable for Crispr-based mutagenic chain reaction constructs for fieldbased interventions for human disease prevention. We also note that genome-wide comparisons of P. leucopus to humans with Lyme disease or other infections are now possible. These cross-species studies may provide insights into why some humans become disabled with B. burgdorferi infection while P. leucopus does not.
MATERIALS AND METHODS
DNA and library construction
The P. leucopus were specific pathogen-free, colony-bred animals of LL Stock from the Peromyscus Genetic Stock Center (PGSC) of the University of South Carolina. The rodents were euthanized by carbon dioxide overdose and intracardiac exsanguination. DNA for library construction was obtained from the liver and kidney, homogenized in liquid nitrogen, and extracted using a Qiagen Blood and Cell Culture kit with modifications suggested in (7). For Illumina libraries, DNA was Covaris-sheared to 500 bp and prepped using a Bioo Scientific NEXTFLEX Rapid DNA-seq kit with four cycles of PCR amplification. After size selection, we collected four HiSeq 2500 PE100 lanes for a total of 158 Gb of raw data (or roughly 54×). For PacBio libraries, we followed the study of Chakraborty et al. (7) by shearing the DNA using a 1.5-inch 24-gauge blunt-tipped needle, and the library was prepared using PacBio's SMRTbell template protocol and Blue Pippin size selection using a 15-to 50-kb cutoff. We generated several dozen libraries in this manner and collected 124 total SMRTcells of data for a total of 104 Gb with an N50 read length of 15.7 kb (~36× coverage). Two Hi-C libraries were also constructed with six cycles of PCR amplification, and PE100 was sequenced to 20× and 8× of raw coverage. On the basis of aligning back to the final assembly, this represented 341,768× and 140,112× of span coverage, respectively.
Genome assembly
We generated a De Bruijn graph-type Illumina-only assembly using the Platanus, resulting in 14.8 M contigs with an N40 of 1.2 kb. We then used DBG2OLC to generate a hybrid assembly using the Platanus contigs and raw PacBio data, resulting in an assembly consisting of 3107 contigs with an N50 of 2.6 Mb. In parallel, we produced a PacBioonly assembly using the Falcon assembler, resulting in 36,000 contigs with an N50 of 305 kb. We lastly merged the assemblies using quickmerge and polished using Quiver and Pilon, resulting in a final assembly consisting of 1762 contigs with an N50 of 4.5 Mb. We combined the two Hi-C libraries and used 3d-dna to scaffold the genome with varying numbers of suggested chromosomes (as we observed fusions and splits relative to a published linkage map for P. maniculatus). We settled on a Hi-C scaffolding producing 24 chromosome length scaffolds harboring a near complete set of alignable human proteins and BUSCO genes. We assigned chromosome names to scaffolds based on aligning sequences from a published linkage map and synteny with mouse and rat.
Informatics
Repetitive elements were annotated using RepeatMasker. Comparative syntenic analysis was carried out using a modified SynChro. Gene annotation was carried out three different ways: (i) Trinity of RNA-seq data, followed by Augustus; (ii) Hisat2 of raw RNA-seq data, followed by Strawberry; and (iii) alignment of a complete set of proteins from human, mouse, and rat to the assembly using Exonerate. Different methods gave different genes/isoforms, which are all provided as Santa Cruz Genome Browser tracks. We lastly combined all gene predictions as a set of "hints" provided to Augustus to estimate the total number of genes. We further aligned P. leucopus, human, rat, and mouse to one another using ProgressiveCactus and represent the resulting "snake tracks" in the same browser. We predicted the P. leucopus proteome using Transdecoder on the longest isoform per mouse to Peromyscus protein alignment and predicted protein domains using Pfam and HMMER.
Experimental infection with B. burgdorferi Adult P. leucopus were obtained from the PGSC and maintained in the AAALAC (Association for Assessment and Accreditation of Laboratory Animal Care)-accredited University of California (UC) Irvine vivarium for 6 weeks before the experiment. Each animal was infected with an intraperitoneal injection of 50 l of citrated blood freshly obtained from CB17 strain severe combined immunodeficiency mice (Charles River Laboratory). After 5 weeks, the animals were euthanized with carbon dioxide and terminal exsanguination, with blood and tissue samples collected. The protocol was approved by the Institutional Animal Care and Use Committee at UC Irvine and the Animal Care and Use Review Office of the United States Army Medical Research and Materiel Command.
RNA isolation and sequencing
After RNA extraction using a Qiagen RNeasy Mini kit, concentration and quality were assessed using Qubit and the Agilent 2100 Bioanalyzer and Eukaryotic RNA Nano assay (only samples passing quality control were kept). Library construction was performed using the TruSeq RNA Library Prep Kit v2. Libraries were validated using qPCR, sized using the Agilent Bioanalyzer, and sequenced as multiplex reactions as PE100s using a HiSeq4000.
RNA-seq analysis
RNA-seq data were deduplicated using PRINSEQ and trimmed using Trimmomatic. Differential expression between tissues was examined by aligning reads to the genome using TopHat and featureCounts relative to Trinity/Augustus transcripts. Statistical significance was assessed using fitNbinomGLMs in DESeq. Analysis of the experimental infection experiment was carried out using the CLC Genomics Workbench using read pairs mapped with a length fraction of 0.7 and a similarity fraction of 0.9 to annotate Trinity/Augustus transcripts. The Expectation-Maximization (EM) estimation algorithm of the suite was used to iteratively estimate the abundance of transcripts and assign reads to transcripts according to these estimates. The differential expression between experimental conditions was assessed with an assumption of a negative binomial distribution for expression levels and a separate generalized linear model for each mRNA, including a dispersion parameter, as is implemented in the edgeR package.
SNPs and LD
We made Illumina Nextera libraries for 26 DNA samples from a natural population of P. leucopus collected from Lake Gaillard, CT and collected ~2× per sample worth of PE100 reads per sample. Reads were aligned to the genome using bwa-mem and merged using bamtools, and SNPs were identified using GATK. The final VCF file was filtered using VCFtools to select only SNPs, with the minor allele observed three or more times. We annotated the resulting set of SNPs using SnpEff and gene annotations based on the alignment of human proteins to the P. leucopus reference genome using Exonerate. We estimated LD for all chromosome 10 biallelic SNPs with a minor allele count greater than 8 and with eight or fewer nonmissing genotypes and calculated R 2 on 0/1/2 genotypes for SNPs less than 1 Mb apart.
Additional resources
A more detailed set of materials and methods are given in the Supplementary Materials. Table S9 provides accessions and links to raw and processed data. Much of the data can also be obtained and interacted with at http://goo.gl/LwHDr5. This link is dynamic and will update as the genome is improved and more genomes become available.
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Supplementary material for this article is available at http://advances.sciencemag.org/cgi/ content/full/5/7/eaaw6441/DC1 Supplementary Materials and Methods Fig. S1 . Cumulative contig coverage (Mb) as a function of contig length for different PacBio/ Illumina assembly strategies. Fig. S2 . Read span coverage as a function of read span size bins for Hi-C data summed over two Hi-C libraries. Fig. S3 . Mummer dot plot for chromosome 3 assemblies. Fig. S4 . Hi-C scaffolding results in chromosome-sized scaffolds that are considerably longer than the raw contigs. Fig. S5 . A comparison of a P. maniculatus linkage map (orange) and the P. leucopus genome (blue). Fig. S6 . The Hi-C contact map for the region near the putative chromosome 16 and 21 fusion. Fig. S7 . Rat syntenic groups associated with the chromosome 16 and 21 fusion. Fig. S8 . P. leucopus synteny with rat. Fig. S9 . P. leucopus synteny with rat with P. leucopus chromosomes reordered to reflect the scaffold numbers produced by 3d-dna. Table S1 . Chromosome-sized scaffold lengths and names. 
